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Summary

Case 2: Streetlight Mapping and Analysis Using A Drone and R-Based Model

Methodology

Proliferation of consumer grade small Unmanned Aerial Vehicles (sUAV) or drones brings many opportunities in the area of mapping
and spatial analysis. Although misuse of drone technology is well-chronicled in the media, the important and positive role played by
drones at the community level is often overlooked. At Furman University, we have integrated the use of drones into teaching, research,
and various sustainability and safety initiatives on campus and with community partners. Using a combination of tools, including
drones and GIS, we mapped the sprinkler irrigation network and streetlight locations on campus and in a local community. The general
workflow with the drone imagery includes mosaic generation, image fusion, georectification, and information extraction. Mapping the
sprinkler irrigation network is helpful for Furman to identify areas of overuse and inefficiency, facilitating water conservation efforts
and water budget development.
Partnering with the local community, we identified the areas of inefficient and poor lighting that are related to safety concerns
among the residents. Data from the drone flights, in combination with spatial and statistical modeling approaches, have helped us
improve streetlight illumination models, identify potential eco-friendly corridors for species disrupted by artificial lighting, and validate
streetlight location and operational status in the community and on campus. The information gathered from the drones is playing a
crucial role in helping us make smarter decisions about streetlight type and placement on the ground. Recent restrictions on night
flights have hampered additional progress, however, highlighting the need for more flexible regulations.

Our goal in this project was to assess the effectiveness of streetlights in
providing the safe and secure environment for the community. We used
nighttime drone images (captured prior to restrictions) and applied models to
simulate illuminations for a given streetlight configuration to identify the
areas with low illumination, as well as to understand the role of vegetation
and buildings in diminishing lighting conditions. Our results from New
Washington Heights neighborhood (right) are helping county planners in their
decision-making process towards establishing a special lighting district and to
create a general model for future developments.
At Furman, this project is currently in progress and we are expecting to
carry out the modeling exercise to assess lighting as well as identify areas to
improve. To verify some streetlight locations and to refine the R-Model, drone
images collected in late evenings when the street lights ‘come alive’ will be
used.
Furman Campus Streetlights Mapped
by students Using Aerial Photo and GIS

Case 1: Mapping Sprinkler Irrigation Network Using A Drone
One of the challenging tasks in managing campus facilities and resources involves knowing exactly where the assets of interest
are and whether or not they are in good working condition. This is important at times of disasters and during recovery operations
after disasters (Suzuki, 2008; Marenchino, 2009). Furman’s growth and expansions over the decades has resulted in a sprinkler
irrigation system that is complex, constantly being changed, and has never been mapped before. The only way to see where the
sprinkler heads are is to turn the system on. Given that these sprinkler heads are usually below ground level, mapping them
becomes challenging if not impractical. We developed a system where sprinkler irrigation was turned on manually in each field in
a sequence of zones while a drone hovers in the air taking pictures or video in real time. These images taken over time are then
arranged to pick one picture for each zone that shows clearly the location of sprinkler heads as well as the distance of water spray.
A sequence of images for a single field are then fused together using Microsoft Photo Gallery application (Microsoft, 2016),
georeferenced using ArcGIS, and irrigation heads are digitized to produce a GIS shape file. The distance of spray was also
measured and added to the attribute table, and a buffer layer for each of the points was created to study the amount of overlap in
irrigation in each field. Bigger overlap indicated wasting of water, whereas a lack of any overlap indicates insufficient water
availability for parts of the field. Both can be rectified by adjusting the pressure and the type or sprinkler head.

R-based streetlight simulation model developed by Bennie et al. (2014) was used to study
the effective distance of illumination from each one of the street lights. This model provides
a more realistic illumination patterns on the ground, taking into account the location and
condition of topography, buildings, and vegetation in a local community in Greenville , SC.

Flow chart shows the methodology used in irrigation mapping.

Map shows the distribution and intensity of light (footcandles) in the
neighborhood along with topographic contour indicating the terrain.

Flow chart shows the methodology used in streetlight modeling.
Each photo represents an irrigation zone within the football field.

Figure (top left) shows a model representation of light spread around a streetlight, and (top
right) shows the general equation for the exponential decay of light as we go away from the
source of light. This ImageJ analysis was based on drone footage.

Data Verification, Monitoring, and Maintenance

Composite image of all zones with sprinklers “on”.

Drones are becoming more accessible, more sophisticated, and more capable as a vehicle for
GIS data collection to address various day-to-day operational questions. The case study examples
presented here clearly drive the message that drones have a very important role to play at present
and in the future as a platform for rapidly gathering data and converting them into useful information.
The new drone regulations limit drone use at night thus limiting the potential of using the drones in
addressing societal problems.
Our results from sprinkler irrigation network study shows that among the sports fields, some are
over irrigated whereas others (such as the practice football ground) are under irrigated. The flag circle
in front of the Physical Activities Center and the baseball field appear to be irrigated excessively. This
could be redesigned to save water and energy in the future. The streetlight project carried out in the
New Washington Heights neighborhood has clearly provided the data that is driving the discussions at
the county planning office for this neighborhood as well as for all future developments.

Drone images similar to the ones shown here can
be gathered on-demand to identify any problems
with streetlights or to assess the efficiency of
lighting around public places and around
buildings.

d)

Captions start clockwise from right:
a) Streetlights in this parking area are completely
covered by the tree canopy making them very
inefficient,
b) A recent parking lot renovation resulted in a
significant modification of the lighting
arrangements. A Drone was used to collect
images and develop an ortho-rectified
photograph to accurately map the locations of the
new streetlights using Agisoft (2016) program.
c) The external lighting for one of the Green Belt
houses was found to be non-functional in this
drone image.
d) The iconic bell tower is usually well lit and
illuminated at night. However, in this drone
image, two of the lights seem not to be working
making that area not as safe to walk at night.

Conclusions and Challenges

a)
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